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Current Management of Inflammatory Bowel Disease and
Colorectal Cancer
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ABSTRACT

Inflammatory bowel diseases (IBDs) can be divided into two major
disorders: ulcerative colitis and Crohn’s disease. Although IBD-associ-
ated colorectal cancer (IBD-CRC) accounts for only 1–2% of all cases of
colorectal cancer, IBD with colon involvement is among the top three
high-risk conditions for colorectal cancer. Today, colorectal cancer ac-
counts for approximately 10–15% of all deaths among IBD patients.
Indeed, patients with IBD colitis are six times more likely to develop
colorectal cancer than the general population and have a higher
frequency of multiple synchronous colorectal cancers. Since IBD-CRC
was first described in 1925, the colon remains the primary site of neo-
plasms in IBD patients today. Ulcerative colitis–associated colorectal
cancer is most common in the rectum and sigmoid colon, whereas
Crohn’s disease–associated colorectal cancer is evenly distributed be-
tween the different colon segments. Chemoprevention of colorectal
cancer remains an important goal, and colonoscopy surveillance pro-
grams are critical to early detection in these patients. Newer methods,
such as chromoendoscopy, are currently being investigated as comple-
mentary techniques to enhance early detection of dysplasia and cancer
in this high-risk population. We present a comprehensive review of the
relationship between inflammatory bowel disease and colorectal can-
cer. Major themes covered include risk factors for IBD-CRC and the
molecular pathobiology of progression from dysplasia to cancer, endo-
scopic surveillance and new methods for early detection of dysplasia,
approaches to prevention of IBD-CRC, and current recommendations
and controversies regarding the treatment of dysplasia. In particular,
disagreement has arisen over optimal management of low-grade dys-
plasia, with some IBD experts now advocating close colonoscopic sur-
veillance of patients with low-grade dysplasia rather then total colec-
tomy.
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Inflammatory bowel diseases (IBDs) are
idiopathic inflammatory disorders of the

gastrointestinal tract that can be subdi-

vided into two major disorders: ulcerative

colitis and Crohn’s disease. In ulcerative
colitis the disease extends proximally from
the anal verge to involve all or part of the
colon. Crohn’s disease is typically a patchy
disease that can affect the gastrointestinal
tract anywhere from the mouth to the anus.
Ulcerative colitis and Crohn’s disease are
characterized by episodes of remission and
exacerbations in which the patient experi-
ences abdominal pain, diarrhea, blood in
the stool, and systemic symptoms. The

peak incidence of IBD occurs in patients

between the ages of 15 and 30 years; a

second peak occurs between the ages of

50 and 80 years.1 The prevalence of IBD is
higher in the westernized world compared
to developing countries, with approximately
1.4 million Americans affected with ulcer-
ative colitis or Crohn’s disease.2

Since Crohn and Rosenberg first de-
scribed IBD-associated colorectal cancer
(IBD-CRC) in 1925,3 the colon remains the
primary site of neoplasms in IBD patients
today, and colorectal cancer accounts for
approximately 10–15% of all deaths in IBD
patients.4 Although IBD-CRC accounts for

only 1–2% of all cases of colorectal cancer,

IBD with colon involvement is among the

top three high-risk conditions for colorectal
cancer. Patients with IBD colitis are 6 times
more likely to develop colorectal cancer
than the general population and have a
higher frequency of multiple synchronous
colorectal cancers.5 Because IBD inci-
dence is highest among young people, the
mean age for developing IBD-CRC is lower
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than for sporadic colorectal cancer (40–50
years of age vs. 60 years of age).6 Ulcer-
ative colitis–associated colorectal cancer is
most common in the rectum and sigmoid
colon, whereas Crohn’s disease–associated
colorectal cancer is evenly distributed be-
tween the different colon segments.7

RISK FACTORS FOR IBD-CRC
Patient risk stratification for developing
IBD-CRC depends on the extent and dura-
tion of colonic disease, the co-existence of
primary sclerosing cholangitis, a family his-
tory of sporadic colorectal cancer, and in
some studies, young age at onset of colitis
(Table 1). The risk of ulcerative colitis–
associated colorectal cancer starts to in-
crease after 7 years of extensive colonic
disease, ie, disease extending from the anal
verge to the splenic flexure (left-sided dis-
ease) or beyond the splenic flexure (pan-
colitis).8 One proposed mechanism is that
the chronicity of bowel inflammation leads
to colorectal dysplasia and eventually colo-
rectal cancer.

The approximate cumulative incidence
of colorectal cancer in patients with left-
sided ulcerative colitis or pancolitis is 2% at
10 years, 8% after 20 years, and 18% after
30 years’ duration of disease.9 These con-
clusions were derived from a mix of referral-
center–based, hospital-based, and popula-
tion-based studies. Patients with ulcerative
proctitis and proctosigmoiditis are probably
not at increased risk for colorectal cancer
compared with the general population.10

Crohn’s disease–associated colorectal can-
cer is observed in a similar time frame as in
ulcerative colitis.11,12 This was illustrated in
one series that included 80 patients with
colorectal cancer complicating ulcerative
colitis or Crohn’s disease.13,14 The median
duration of disease prior to the diagnosis of
colorectal cancer was comparable for
Crohn’s disease and ulcerative colitis (15

and 18 years, respectively). The median
age at diagnosis of colorectal cancer was
55 years in Crohn’s disease and 43 years in
ulcerative colitis.

In a more recent review by Lakatos et
al,13 the authors discuss recent epidemio-
logic trends and causes for the observed
changes. Population-based studies pub-
lished within the last 5 years suggest that
this risk has decreased over time, despite
the low frequency of colectomies. The
crude annual incidence rate of colorectal
cancer in ulcerative colitis ranges from ap-
proximately 0.06% to 0.16%, with a relative
risk of 1.0–2.75. The exact mechanism for
this change is unknown; it may partly be
explained by the more widespread use of
maintenance therapy and surveillance
colonoscopy.

The severity of inflammation may also
be an important risk factor for IBD-CRC. A
case–control study and a larger cohort
study both found a significant correlation
between the severity of inflammation as
assessed by histology and the risk of colo-
rectal neoplasia. 14–16 A case–control study
by Rutter et al17 suggests that mucosal
healing may decrease risk of cancer. This
study concluded that a macroscopically
normal-looking colonoscopy returns the
cancer risk to that of the general popula-
tion. However, some studies have found
that colorectal cancer risk does not corre-
late with IBD disease activity and that pa-
tients with quiescent disease have a similar
risk of developing IBD-CRC to those who
have active disease.18,19

Another risk factor for IBD-CRC is the
presence of colon pseudopolyps (or inflam-
matory polyps), which in themselves have
no malignant potential. It is not clear
whether this increased risk is due to a
higher miss rate of dysplastic polyps diffi-
cult to distinguish from the benign pseudo-
polyps during surveillance colonoscopies or

due to the fact that pseudopolyps are a
historical marker of more severe inflamma-
tion.15

A population-based cohort study of
19,876 individuals with ulcerative colitis or
Crohn’s disease reported that nearly 10%
of all cases of IBD-CRC occurred in pa-
tients with a family history of colorectal
cancer. The magnitude of the association is
similar to that observed among healthy in-
dividuals, though in patients with IBD, a
family history of colorectal cancer will result
in a doubling of the already increased risk
of colorectal cancer.16

The association of primary sclerosing
cholangitis (PSC) with ulcerative colitis was
first shown in 1965 by Smith and Loe.18

Many studies have since confirmed the
higher risk of ulcerative colitis–associated
colorectal cancer in patients with PSC.19–22

In a study by Kornfeld et al,22 the cumula-
tive colorectal cancer risk in patients with
PSC was 33% at 20 years and 40% at 30
years after ulcerative colitis diagnosis. In-
terestingly, there was a higher prevalence
of right-sided colorectal cancers in this
population21. Alterations in the bile salt pool
and a high concentration of bile acids in the
colon may, at least partially, be responsible
for this increased colorectal cancer risk.13

Young age at onset of colitis seems to
increase risk of colorectal cancer. A popu-
lation-based cohort of 3117 patients given
a diagnosis of ulcerative colitis from 1922
through 1983 were followed through 1984
by Ekbom et al.23 Age at diagnosis and the
extent of disease at diagnosis were strong
and independent risk factors for colorectal
cancer. For each increase in age group at
diagnosis (�15 years, 15–29 years, 30–39
years, 40–49 years, 50–59 years, and
�60 years), the relative risk of colorectal
cancer, adjusted for the extent of disease at
diagnosis, decreased by about half (ad-
justed standardized incidence ratio � 0.51;
95% confidence interval [CI], 0.46–0.56).
The absolute risk of colorectal cancer 35
years after diagnosis was 30% for patients
with pancolitis at diagnosis and 40% for
those given this diagnosis at less than 15
years of age.

THE MOLECULAR
PATHOBIOLOGY OF IBD-CRC
Inflammatory bowel disease is associated
with a spectrum of environmental, genetic,

Table 1. Risk factors and protective factors

Positive risk factors Negative risk factors and protective agents

Active inflammation Folic acid use

PSC UDCA use (in patients with PSC)

Family history of colorectal cancer Compliance with IBD treatment

Increased extent of disease Compliance with colorectal cancer surveillance guidelines

Abbreviations: IBD � inflammatory bowel disease; PSC � primary sclerosing cholangitis; UDCA �
ursodeoxycholic acid.
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and immunologic factors that lead to a

multistage process of tumorigenesis within

the colon.24 Carcinogenesis in the inflamed
colon appears to follow a different se-
quence of genetic alterations than that ob-
served in sporadic cancers in the unin-
flamed colon.25 As previously mentioned,
there is an increased risk of colorectal can-
cer in patients with long-standing IBD, and
a longer duration of colitis is associated
with multifocal nature of tumors.26 It is sug-
gested that, in addition to a series of ge-
netic alterations, inflammation invokes a
cascade within the abnormal epithelial pro-
liferative zone, progressing through dyspla-
sia, adenoma, and finally carcinoma.27

A study of multiple inflammation-linked
cancers, including IBD-CRC, found in-
creased levels of oxidative damage specif-
ically at cancer sites. Chronic colonic in-
flammation causes oxidative DNA damage,
which can result in neoplasia and cancer
development when involving key growth
regulatory genes.28 A gene encoding 8 ox-
oguanine DNA glycosylase (OGG1), which
recognizes and excises oxidative damage
within DNA, is also associated with an in-
creased risk of developing colorectal can-
cer.29 In addition, it has been found that a
polymorphism of the gene encoding TGF�1
in patients without IBD leads to increased
risk of colorectal cancer, highlighting the
effect of inflammation as a significant vari-
able in cancer.30,31 The progression of IBD-
associated neoplasia appears to possess
many of the same chromosomal and ge-
netic abnormalities as sporadic colorectal
cancer. However, it is the order and fre-
quency of these mutations, and the fact
that they often occur before a definite his-
tologically defined dysplasia, that differen-
tiates the two forms and their evolution
within the tissue32 (Figure 1).

Chromosomal instability results from
abnormal chromosomal segregation during
mitosis and/or an aneuploidy state, in
which there is a loss of chromosome mate-
rial and heterozygosity due to abnormal
DNA content. Conversely, microsatellite in-
stability (MSI) is due to defects in mismatch
repair gene products, such as the Mut S
homologs or postmeiotic segregation fac-
tors (hMSH2, hMLH1, hPMS1, hPMS2,
hMSH6, and hMLH3), which can result in a
catastrophic frame shift during gene tran-
scription.

The molecular pathobiology of IBD-CRC
does possess many of the same abnormal-
ities in cell cycle regulatory factors p53,
APC, and Ki-ras and mismatch repair
genes (eg, hMSH2) as in sporadic colorec-
tal carcinoma. Moreover, the majority of
colorectal cancer cases in both IBD-asso-
ciated neoplasia and sporadic colorectal
cancer (85%) result from chromosomal in-
stability, followed by MSI (15%) and hyper-
methylation (�1%).31,33 However, despite
such similarities, it is often the timing and
frequency of these mutations that provide a
unique profile of colorectal cancer risk fac-
tors in IBD.24,34 Of these key colorectal
cancer markers, APC and p53 display dra-
matic differences in timing (progressive
morphologic appearance of the neoplasia)
of loss of function between sporadic colo-
rectal cancer and IBD-associated neo-
plasm.

The development of a nonfunctional
APC gatekeeper gene (5q21–q22), typi-
cally occurring prior to early adenoma in
sporadic colorectal cancer, arises much
later in IBD-associated neoplasia, just prior
to carcinoma. Losing APC permits the ac-
cumulation of free �-catenin within the cy-
toplasm. This increase in free �-catenin
results in a functional complex, �-catenin/
TCF/LEF, which dramatically increases tar-
get genes (eg, Cyclin D1, L1, Nr-CAM) and
cell cycle turnover.35 Here the APC loss of
function can occur because of chromo-
somal instability or MSI abnormalities, pre-
senting in either polypoid or flat lesions.

Historically known as tumor protein 53,
p53 plays a pivotal role in regulating the cell

cycle at the G1/S transition interface. Fur-
thermore, mutations in p53 (chromosome
17p13.1) are highly associated with many
cancers. Loss-of-function mutations in this
gatekeeper protein occur in the same fre-
quency and mechanism in both sporadic
colorectal cancer and IBD-associated neo-
plasia. However, timing of the p53 muta-
tions typically occur late in sporadic colo-
rectal cancer (between the stages of late
adenoma and carcinoma), while they de-
velop much earlier in IBD-associated neo-
plasia (transition from negative dysplasia to
indefinite dysplasia). In IBD patients, these
p53 mutations are often found in grossly
normal nondysplastic mucosa. However, in
the case of sporadic colorectal cancer, we
see an inverse relationship where the p53
loss of function is found in more morpho-
logically aggressive-appearing lesions. This
correlation between the timing of p53 loss
of function and the gross morphologic ap-
pearance of the mucosal lesion is believed
to be the defining molecular transitional
characteristic from adenoma to carcinoma
when comparing the neoplastic two forms.24

Among several less common mutations,
the induction of the K-ras (12p12) onco-
gene does occur in IBD-associated colorec-
tal cancer; however, it is found to be less
likely in IBD-associated neoplasia than in
sporadic colorectal cancer. The human
mismatch repair gene hMSH2 (2p22) is
commonly found at a high frequency in the
transition from dysplasia to cancer, though
it is not always a defining factor. Addition-
ally, hypermethylation of CpG islands in
several gene promoters, in particular the

Figure 1. Comparison of molecular alterations in sporadic colon cancer and colitis-associated colon cancer.
(Adapted from Itzkowitz and Harpaz 2004.)
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mismatch repair genes (eg, hMLH1,
hMSH2) and p16, leads to methylation-
induced silencing. The p27 protein, which
binds and prevents both the activation of
cyclin E-CDK2 or cyclin D-CDK4 complexes
and the progression of G1-S, is often lost in
ulcerative colitis–colorectal cancer.36,37

The identification of essential regulatory
factors and crucial events in the develop-
ment of IBD-CRC has had a significant
effect on the understanding of the disease,
specifically its progression as it correlates
with inflammation and genetic mutation.
However, changes in the frequency and
timing of these mutational abnormalities
continue to pose many unanswered ques-
tions. The ability to monitor these changes
both clinically and in the laboratory pro-
vides medical scientists with the possibility
of further delineating a clear pathobiologic
cause of IBD-associated neoplasia and rea-
soning for such an inversion from sporadic
colorectal cancer. Through careful investi-
gation of these abnormalities, medical sci-
entists hold the ability to develop novel
screening techniques and new therapeutic
advances.

ENDOSCOPIC SURVEILLANCE
IN IBD
The goal of colorectal cancer screening
colonoscopy in the general population and
surveillance in IBD patients is to detect
premalignant changes early enough that
intervention can prevent complications of
invasive cancer. The intervention man-
dated in IBD-associated dysplasia is colec-
tomy, because of the high prevalence of
synchronous or metachronous cancer, as
well as the technical limitations of being
able to identify confidently and completely
resect dysplastic lesions in flat mucosa.

In the general population, the dysplastic
or premalignant lesion is the colon polyp
that can be easily visualized and resected
at the time of the colonoscopy before it
transforms into a malignant lesion. In con-
trast, dysplasia in IBD can be found at
distant sites from the cancer itself or before
the cancer develops and is difficult to rec-
ognize on colonoscopy, as it often arises from
flat, normal-appearing mucosa (Figure 2).38

Dysplasia can also occur within or near
plaque-like lesions or raised polypoid
masses, defined as dysplasia-associated
lesion or mass (DALM). Because IBD-CRC

is preceded by dysplasia, finding dysplasia
on random colon biopsies represents an
increased risk of developing colorectal can-
cer in the near future. Dysplasia is classi-
fied as indefinite, low-grade, and high-
grade. IBD-CRC occurs in areas of chronic
inflammation and can be a polypoid, ulcer-
ated, or plaque-like lesion. Most IBD-CRCs
are adenocarcinoma, but there is a higher
incidence of poorly differentiated, anaplas-
tic, and mucinous carcinomas compared
with sporadic colorectal cancer.

In a comprehensive review of 10 studies
of dysplasia surveillance that included a
total of 1225 patients with ulcerative colitis,
the likelihood of finding concurrent colon
cancer at the time of colectomy in patients
with high- or low-grade dysplasia was 42%
and 19%, respectively.39 Although prophy-
lactic proctocolectomy can essentially elim-
inate the risk of cancer, most patients and
their physicians opt for a lifelong program
of surveillance. This entails regular medical
follow-up, management with anti-inflam-
matory and potentially chemopreventive
agents, as well as periodic colonoscopic
examinations combined with extensive bi-
opsy sampling throughout the colon.

Although a surveillance program is the
best approach currently available, it has its
limitations. Surveillance cannot guarantee
against the development of colorectal can-
cer. It is important for both the patient and
the physician to understand the risks of
potentially missed lesions and the benefits
of a strict surveillance program. Physician
compliance in adhering to the surveillance
biopsy recommendations is important. There
should be regular call-back for all participat-
ing patients so that no patients are lost to

follow-up. Patient noncompliance should trig-

ger a series of letters, including a comment

about the potential risk for developing colo-
rectal cancer in the absence of follow-up.40

Based on previous epidemiologic data,
guidelines from the Crohn’s and Colitis
Foundation of America (CCFA)40 and, more
recently, from the European Crohn’s and
Colitis Organisation (ECCO)41 suggest a rel-
atively strict surveillance policy. The Amer-
ican Gastroenterology Association (AGA)
and most other gastrointestinal associa-
tions conclude that the risk of colorectal
cancer–associated Crohn’s colitis is similar
to that of ulcerative colitis for comparable
extent, duration, and age of onset of inflam-
matory disease. As a result, the surveil-
lance strategy for ulcerative colitis also ap-
plies for Crohn’s colitis. The recommended
guidelines are as follows:40–44

● Screening colonoscopy should be
performed when the disease is in remis-
sion.

● Initial surveillance colonoscopy should
be performed in each patient beginning
8–10 years after symptom onset, partly to
reassess disease extent.

● Regular surveillance should begin on
an annual or biannual basis beginning
8–10 years of disease for patients with
left-sided or extensive colitis after symptom
onset.43,44 There should be a decrease in
the screening interval with increasing dis-
ease duration (from every other year to
yearly). Patients with proctosigmoiditis,
who have little or no increased risk of colo-
rectal cancer compared with the general
population, should be managed according
to standard colorectal cancer prevention
measures.

● Patients with PSC represent a sub-
group of IBD patients at higher risk for
IBD-CRC, thus surveillance should be per-
formed annually from the time of PSC di-
agnosis.

● Two to four random biopsy specimens
should be taken every 10 cm from the
entire colon, with additional samples of
suspicious areas. Particularly in ulcerative
colitis, consideration should be given to
taking 4-quadrant biopsies every 5 cm in
the lower sigmoid and rectum, because the
frequency of colorectal cancer is higher in
this region.

Random biopsies visualize only 1% of
total colonic mucosa surface area, promot-

Figure 2. A 28-year-old male with history of ulcerative
pancolitis and primary sclerosing cholangitis diag-
nosed in 1997 who had no dysplasia on surveillance
colonoscopy 2 years prior to this surveillance colono-
scopy. This ulceration in the ascending colon re-
vealed adenocarcinoma. This patient subsequently
underwent total colectomy with ileostomy.
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ing a high sampling error. In a retrospective
review, the probability of detecting dyspla-
sia was 90% if 33 and 95% if 56 random
biopsies were taken.45 The cost of addi-
tional random biopsies to the current rec-
ommended 33 is hard to justify.13 To help
increase the detection yield of random bi-
opsies, jumbo biopsies can be used. In a
prospective study by Elmunzer et al,46

jumbo forceps were found to be superior to
standard large-capacity forceps in obtain-
ing diagnostically adequate surveillance bi-
opsy specimens. One problem with this
study was the high interobserver variability
between pathologists in analyzing the spec-
imen. Nevertheless, jumbo biopsy forceps
are recommended as part of colorectal
cancer surveillance.

NEW METHODS FOR EARLY
DETECTION OF DYSPLASIA
Targeted biopsies are an attractive alterna-
tive to random biopsies to increase the yield
of dysplasia detection. Chromoendoscopy
uses a dye sprayed on the colonic mucosa
to enhance the visualization of subtle mu-
cosal changes suggestive of neoplasia not
visible with the white light of standard en-
doscopy. There are two main agents used
for chromoendoscopy. Indigo carmine con-
trast dye is poorly absorbed by the normal
alimentary epithelial cells.47 This method
highlights irregularities in the mucosal ar-
chitecture by the pooling of a blue dye
solution in mucosal grooves, improving the
precision of endoscopic diagnosis by defin-
ing minute and inconspicuous lesions that
might be overlooked with conventional en-
doscopic methods. Methylene blue stains
the normal absorptive epithelium of the
small intestine and colon. The absence of
staining in these tissues usually indicates
the presence of metaplastic, neoplastic, or
inflammatory change.

In a study by Rutter et al,26 the clinical
accuracy of consecutive, random (n�

2904) and targeted (indigo carmine,
n�157) biopsies was compared. Nine dys-
plastic lesions were diagnosed at chromoen-
doscopy, whereas no dysplasia and no addi-
tional lesions were detected by random
biopsies. Similar findings were noted in a
prospective study by Kiesslich et al48 using
methylene blue dye. A study by Hurlstone
et al49 revealed a higher yield for detecting
dysplasia using high-magnification chro-

moendoscopic colonoscopy than conven-

tional optical colonoscopy with random biop-

sies. In 350 ulcerative colitis patients and 350

disease-extent-matched controls, 69 dysplastic

lesions were identified by chromoendoscopy,

compared with only 24 dysplastic lesions in the

traditional surveillance group (P�.001). High-

magnification chromoendoscopy increased the

diagnostic yield of dysplastic lesion by 3.0–4.5

times.

Despite these results, chromoendos-

copy is not routinely used for IBD-CRC

surveillance. It is time consuming and re-

quires an endoscopist who is familiar with

the technique and who can identify various

suspicious mucosal patterns. The natural

history of dysplasia detected by chromoen-

doscopy or other advanced techniques is

unknown, but it is not necessarily the same

as dysplasia detected by random biopsy.

Specific management recommendations

for these patients are still evolving.

To assess the endoscopic visibility of

dysplasia and colorectal cancer in ulcer-

ative colitis using white light endoscopy, a

retrospective review by Rubin et al50 was

performed. All cases of dysplasia or colo-
rectal cancer in ulcerative colitis between
1994 and 2004 were identified. Visible dys-
plasia was defined as a lesion reported by
the endoscopist that led to directed biopsy
and that was confirmed by pathology. In-
visible dysplasia was defined as dysplasia
diagnosed on pathology but not described
on endoscopy. There were 1339 surveil-
lance examinations in 622 patients with
ulcerative colitis. Forty-six patients were
found to have dysplasia or colorectal can-
cer at a median age of 48 years and with
median duration of disease of 20 years. Of
these patients, 77% had pancolitis, 21%
had left-sided colitis, and 2% had procti-
tis.50 Thirty-eight of 65 dysplastic lesions
(58.5%) and 8 of 10 cancers (80.0%) were
visible to the endoscopist as 23 polyps and
masses, 1 stricture, and 22 irregular mu-
cosa. The per-patient sensitivities for dys-
plasia and for cancer were 71.8% and
100%, respectively. The overall per-lesion
and per-patient sensitivities were 61.3%
and 76.1%, respectively. This study con-
cluded that dysplasia and cancer in ulcer-
ative colitis are endoscopically visible in
most patients and may be reliably identified
during scheduled examinations.

Limited data regarding the role of newer

endoscopic techniques for the detection of

dysplasia is available. In a randomized con-

trolled trial by Kiesslich et al,51 the value of

combined chromoendoscopy and confocal

laser endomicroscopy (which visualize the

histology of the colonic mucosa in real

time) for the diagnosis of intraepithelial

neoplasia was assessed. By using chro-

moendoscopy with endomicroscopy, the di-

agnostic yield of neoplasia was increased by

4.75-fold compared with conventional colonos-

copy with random biopsies (P�.005), though

50% fewer biopsy specimens were required.51

In a recent prospective, randomized,

controlled study by Hurlstone et al,52 con-

focal chromoscopic endomicroscopy was

superior to chromoendoscopy alone for de-

tecting intraepithelial neoplasia. Endomi-

croscopy-targeted biopsies increased the

diagnostic yield of intraepithelial neoplasia

by 2.5-fold compared with chromoendos-

copy-guided biopsies alone.52 Interobserver

variability in interpreting real-time histology

will be an important limitation of this mo-

dality. Even expert gastrointestinal patholo-

gists frequently disagree with one another

when interpreting dysplasia in IBD biop-

sies. This interobserver variability is magni-

fied among gastroenterologists with much

less experience at histologic interpretation.

The use of narrow band imaging (NBI,

an optical filter technology that improves

the visibility of vessels and other subtle

tissue structures) does not improve the di-

agnostic accuracy compared with conven-

tional colonoscopy. In a prospective ran-

domized trial by Dekker et al,53 42 patients

with long-standing ulcerative colitis under-

went NBI and conventional colonoscopy

with at least 3 weeks between the proce-

dures. Although more lesions were identi-

fied using NBI, an almost equal number of

dysplastic foci were identified and missed

by both methods. More studies are needed

before the use of these advanced tech-

niques can be suggested in clinical prac-

tice.

Noninvasive approaches that are com-

plementary to colonoscopy are being ac-

tively investigated. Stool DNA analysis is
being studied as a colorectal screening
method in the general population and may
ultimately be used in IBD surveillance.
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PREVENTION OF IBD-CRC
Surveillance colonoscopy has limitations for
dysplasia detection. Intervening before the
development of dysplasia can not only pre-
vent cancer but also obviate colectomy.
Given that chronic inflammation is the main
driving force behind malignant transforma-
tion, the use of maintenance anti-inflam-
matory therapy should constitute primary
chemoprevention. The ideal chemopreven-
tive agent would be safe, effective at pre-
venting neoplastic progression, inexpen-
sive, and able to prevent flares and control
disease activity and symptoms.13

5-Aminosalicylic Acid
5-Aminosalicylic acid (5-ASA) compounds
are anti-inflammatory drugs used to treat
inflammation of the digestive tract in IBD
patients. Given that chronic inflammation is
a plausible mechanism causing malignant
transformation, the possibility exists for the
use of maintenance anti-inflammatory ther-
apy as primary chemoprevention. Various
in vitro studies looking at the effect of
5-ASA on colonic epithelial cells have fo-
cused on its anti-inflammatory properties.

Aminosalicylates were found to specifi-
cally inhibit the NF�B pathway, which is
associated with sustaining the chronic in-
flammatory processes in the gut.54–56 NF�B
is also involved in tumor survival; by block-
ing the NF�B pathway, aminosalicylates
induce apoptosis and thereby reduce tu-
mor mass.6 It has previously been shown
that aminosalicylates may induce apoptosis
and inhibit proliferation of colonic epithelial
cells in patients with sporadic polyps of the
large bowel.57 Besides increasing apopto-
sis, mesalamine may also inhibit cell cycle
progression by arresting cells in mitosis.58

A meta-analysis performed by Velayos
et al59 supported the protective association
of 5-ASA products and colorectal cancer in
IBD patients. They systematically reviewed
nine studies including 334 cases of colo-
rectal cancer, 140 cases of dysplasia, and
a total of 1932 patients with ulcerative coli-
tis. Pooled analysis showed a protective
association between use of 5-aminosalicy-
lates and colorectal cancer (odds ratio
[OR] � 0.51; 95% CI, 0.37–0.69) or a
combined end point of colorectal cancer/
dysplasia (OR � 0.51; 95% CI, 0.38–0.69).
5-ASA use was not, however, associated with a
lower risk of dysplasia, though only two studies

evaluated this outcome (OR � 1.18; 95% CI,

0.41–3.43).59

Another conflicting piece of data about
whether 5-ASA has chemopreventive prop-
erties against IBD-related carcinogenesis
was introduced by Terdiman et al.60 The
objective of this observational study was to
determine if an association between 5-ASA
therapy and colorectal cancer risk exists in
IBD patients. Adult patients with a new
colorectal cancer diagnosis (n�18,440)
were identified. For each case, 20 control
patients with no record of colorectal cancer
diagnosis or bowel surgery (n�368,800)
were identified. An IBD diagnosis was as-
sociated with a six- to sevenfold increased
risk of colorectal cancer, whether they had
ulcerative colitis or Crohn’s colitis. Among
patients with IBD (364 colorectal cancer
cases, 1172 controls), exposure to 5-ASA
therapy of any dose or duration during the
12 months before colorectal cancer diag-
nosis was not associated with a reduced
risk of colorectal cancer (OR � 0.97; 95%
CI, 0.77–1.23). However, there was a trend
toward a decreased risk of colorectal can-
cer, with increasing number of mesalamine
prescriptions in the previous year, though
statistical significance was not achieved
(P�.08). This study concluded that treat-
ing IBD patients with 5-ASA medications
did not have a protective effect against
colitis-related colorectal cancer when as-
sessed over a short period of exposure.

A case–control study by Pinczowski et
al61 first described the possible chemopro-
tective role of sulfasalazine. The authors
matched 102 cases of ulcerative colitis pa-
tients with colorectal cancer and 196 con-
trols without cancer. Sulfasalazine treat-
ment for at least 3 months was associated
with a significant protective effect against
ulcerative colitis–colorectal cancer, inde-
pendent of disease activity (relative risk
[RR] 0.38; 95% CI, 0.20–0.69). Another
case–control study by Eaden et al,62 in-
volved 102 cases of colorectal cancer from
a population of ulcerative colitis patients
treated at academic- and community-
based gastroenterology practices. The use
of any 5-ASA compound was associated
with a 75% decreased risk of colorectal
cancer (95% CI, 0.13–0.48). Among all
5-ASA formulations, mesalamine use was
associated with the greatest degree of pro-
tection, providing the most benefit at doses

greater than 1.2 g/d (OR � 0.09; 95% CI,
0.03–0.28). Sulfasalazine use was associ-
ated with a smaller protective effect, which
was statistically significant only at dosages
of 2 g/d or more (OR � 0.41; 95% CI,
0.18–0.92).

Ursodeoxycholic Acid
Protection against colonic exposure to bile
acid by ursodeoxycholic acid (UDCA) may be
a practical chemoprevention means in pa-
tients with altered bile pool, such as in pa-
tients with PSC. Secondary bile acids are
carcinogenic, and their concentration is in-
creased in patients with cholestatic liver dis-
ease, such as PSC. UDCA decreases the
proportion of these injurious bile acids. De-
oxycholic acid is one of the key cytotoxic bile
acids involved in this process. In a retrospec-
tive cross-sectional study of patients with PSC
and ulcerative colitis by Tung et al,63 UDCA
use was strongly associated with decreased
prevalence of colonic dysplasia (OR �

0.18; 95% CI, 0.05–0.61). The association
between dysplasia and UDCA use re-
mained after adjustment for sex, age at
onset of colitis, duration of colitis, duration
of PSC, severity of liver disease, and sul-
fasalazine use (adjusted OR � 0.14; 95%
CI, 0.03–0.64).63 This chemopreventative
effect of UDCA was also noted in a pro-
spective placebo-controlled study by Pardi
et al.64 Fifty-two patients with ulcerative
colitis and PSC were followed for a total of
355 person-years. Those assigned to re-
ceive UDCA had a relative risk of 0.26 for
developing colorectal dysplasia or cancer
compared to those receiving placebo (95%
CI, 0.06–0.92, P�.034).

There may be a secondary chemopre-
ventive role for UDCA in patients with IBD
without PSC but with a history of low-grade
dysplasia and/or DNA aneuploidy. A pro-
spective, double-blind, randomized, con-
trolled pilot study by Sjoqvist et al65 intro-
duced this possibility. Nineteen patients
(13 ulcerative colitis, 6 Crohn’s disease)
with long-standing extensive IBD (median
duration 21 years) with previous findings of
low-grade dysplasia and/or DNA aneu-
ploidy were randomized to receive either
UDCA (500 mg bid, n�10) or placebo
(n�9). In the placebo group, one patient’s
low-grade dysplasia progressed to high-
grade dysplasia, and one patient with low-
grade dysplasia developed a DALM; both
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underwent a colectomy. In contrast, no
UDCA-treated patient had progression of
their low-grade dysplasia.65

Although UDCA is the only agent for
which we have prospective random con-
trolled studies to support a chemopreven-
tive effect, its use is not widely recom-
mended because of potential detrimental
effects on the liver. Larger studies, possibly
exploring various UDCA doses, would be
required before recommending secondary
chemoprevention with UDCA.

Total Colectomy
Several studies from different geographic ar-
eas suggest the epidemiology of IBD-CRC is
changing, and the incidence is likely not as
high as previously reported in the Eaden
meta-analysis. A cohort study conducted in
Denmark between 1962 and 1987 reported
only 13 cases of colorectal cancer among
1,160 patients with ulcerative colitis.66 The
annual risk was 0.06%. The 30-year cumu-
lative colorectal cancer risk was 2.1%. The
rate of surgery for ulcerative colitis in Den-
mark is among the highest reported world-
wide, making this a plausible explanation
for the very low risk of colorectal cancer in
this population. Besides the relatively
higher rates of colectomy, there was an
extensive use of continuous 5-ASA (70% of
all patients) in this cohort. More recently,
the Danish cohort study66 was extended for
an additional 10 years, and the risk factors
for colorectal cancer were reevaluated. The
colorectal cancer risk was not increased,
and this again was attributed to the aggres-
sive surgical approach in medical treat-
ment failures and to the widespread use of
5-ASA.

The role for prophylactic proctocolec-
tomy in patients with PSC and IBD is still
controversial. As mentioned previously, the
cumulative colorectal cancer risk in pa-
tients with ulcerative colitis and PSC is 33%
at 20 years and 40% at 30 years after
diagnosis. This high incidence of colorectal
cancer in patients with ulcerative colitis and
PSC explains why some IBD experts rec-
ommend total colectomy after 15 years of
disease in this subpopulation.

TREATMENT APPROACHES TO
DYSPLASIA
In ulcerative colitis, findings of confirmed
dysplasia usually lead to a total colectomy.

Any biopsy revealing low-grade dysplasia,
high-grade dysplasia, indefinite for dyspla-
sia, or adenocarcinoma is considered an
abnormal finding. Because dysplasia can
be difficult to distinguish from epithelial
regeneration because of inflammation, sur-
veillance biopsies should be performed
when the patient is in remission, and all
abnormal biopsies should be reviewed by
an experienced gastrointestinal pathologist.

If high-grade dysplasia is confirmed, to-
tal proctocolectomy should be performed,
given the high rate of synchronous and
metachronous adenocarcinoma in that
context.39,40 Raised lesions on the back-
ground of colitis may resemble sporadic
adenomas. Polypectomy is done, along
with four biopsies taken from the adjacent
colon. If complete polypectomy is con-
firmed and biopsies of the surrounding mu-
cosa are negative for dysplasia, and in ad-
dition there is no dysplasia elsewhere in the
colon, a follow-up examination should be
performed within 6 months, with regular
surveillance resumed if no dysplasia is
found.40,67 If dysplasia is present in the
surrounding mucosa, or if the dysplastic
polypoid lesion is nonresectable or does not
resemble a typical adenoma, this lesion is
considered to be a DALM. The presence of
a DALM with its high association with a
synchronous colorectal cancer and the
presence of overt adenocarcinoma should
prompt a proctocolectomy.40

The management of low-grade dyspla-
sia is more controversial. In a study pub-
lished in 1994, almost one third of patients
with low-grade dysplasia progressed to
high-grade dysplasia or colorectal cancer
during follow-up.39 A chart review by Ull-
man et al revealed neoplastic progression
from low-grade dysplasia to advanced neo-
plasia as high as 53% at 5 years.68 There is
evidence that an unrecognized synchro-

nous colorectal cancer may already be
present in up to 20% of individuals who
undergo colectomy for low-grade dyspla-
sia.39,68 These findings highlight the fact
that low-grade dysplasia is an independent
risk factor for colorectal cancer, and trans-
formation into high-grade dysplasia is not a
necessary step before the development of
colorectal cancer. More recent studies
have shown that patients with low-grade
dysplasia have a lower rate of colorectal
cancer than previously thought (2–10%
during a 10-year follow-up),69 prompting
certain IBD experts to recommend close
colonoscopic surveillance of patients with
low-grade dysplasia rather then total colec-
tomy (Table 2).

At this juncture, most experts agree that
the presence of multifocal low-grade dys-
plasia should be managed with a total co-
lectomy. When a single focus of low-grade
dysplasia is found, both approaches (total
colectomy vs. close colonoscopic surveil-
lance) should be discussed with the pa-
tient. If the patient decides against total
colectomy, then a repeat colonoscopy
should be performed within 3 months and
no later than 6 months from the discovery
of the low-grade dysplasia.40 A subsequent
surveillance exam revealing no dysplasia is
not sufficient to return to routine surveil-
lance. Continued exams should be per-
formed every 6 months. Multiple biopsies,
as previously described, need to be taken
to decrease the sampling error during re-
peat surveillance.

SUMMARY
Ulcerative colitis and Crohn’s disease are
associated with an increased risk of colo-
rectal cancer. Risk factors for cancer
among IBD patients include young age at
diagnosis, greater extent of colonic involve-
ment, longer duration of disease, increased

Table 2. Five and 10-year progression rates of LGD to HGD and colorectal cancer

Trial (number of patients with LGD)
Five or 10-year progression to

HGD and colorectal cancer

Connell et al 1994 (84) [70] 54% 5-year progression

Ullman et al 2002 (18) [71] 33% 5-year progression

Befrits et al 2002 (60) [69] 3% 10-year progression

Ullman et al 2003 (46) [68] 53% 5-year progression

Lim et al 2003 (40) [72] 10% 10-year progression

Abbreviations: HGD � high-grade dysplasia; LGD�low-grade dysplasia.
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severity of inflammation, family history of
sporadic colorectal cancer, and coexisting
PSC. Tumorogenesis within the colon de-
pends on unique environmental, genetic,
and immunologic factors in IBD patients.
Chemoprevention of colorectal cancer re-
mains an important goal, and retrospective
data suggest 5-aminosalicylates might play
an important role in this context. Colonos-
copy surveillance programs, with multiple
biopsies performed every 1–2 years, are
key components in early detection of colo-
rectal cancer in these patients. Newer
methods such as chromoendoscopy are
currently being investigated as comple-
mentary techniques to enhance early de-
tection of dysplasia and cancer in this high-
risk population.
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